Objective: Fibroblast growth factor 23 (FGF-23) is a phosphorus-regulating hormone and plays a role in the pathogenesis of myocardial hypertrophy. The aim of this study was to evaluate the association of FGF-23 levels with echocardiographic parameters and insulin resistance (IR) in patients with gestational diabetes. Subjects and methods: Fifty-four pregnant patients with gestational diabetes mellitus (GDM) (age, 31.12 ± 5.72 years) and 33 healthy pregnant women (age, 29.51 ± 4.92 years) were involved in the study. Fasting insulin, fasting plasma glucose (FPG), lipid profile, oral glucose tolerance test (OGTT), FGF23, echocardiographic parameters, and carotid artery intima-media thickness (CIMT) were evaluated in the two groups. 
INTRODUCTION
G estational diabetes mellitus (GDM) is defined as a glucose intolerance with onset or first recognition occurring during pregnancy (1) . It leads to maternal hyperglycemia, endothelial dysfunction, and abnormal regulation of vascular tone (2) . GDM has serious adverse perinatal outcomes and increases long-term risk for the development of type 2 diabetes, obesity, and cardiovascular disease in mother and fetus (3) .
Tissue Doppler imaging (TDI) was reported as appropriate for evaluating early changes in systolic and diastolic left ventricle (LV) function (4) . The myocardial performance index (MPI) is a sensitive parameter widely used to quantitatively assess global ventricular function in a noninvasive way and combines systolic and diastolic intervals. It is related to morbidity and mortality in many cardiovascular diseases (5) . MPI has been studied in several cardiac disorders including heart failure, hypertension, and diabetes, and it has been found to predict worsened morbidity and mortality (6) (7) (8) . Left ventricular hypertrophy (LVH) is a marker of subclinical cardiovascular disease (CVD) and is associated with cardiovascular morbidity and mortality independent of established risk factors such as age, sex, and diabetes (9) . The association between the left ventricular mass index (LVMI) and coronary flow reserve in patients with DM has been investigated in previous studies (10) .
Fibroblast growth factor-23 (FGF-23) is a hormone involved in calcium-phosphate homoeostasis, primarily produced and secreted by osteocytes (11) . In the renal tubules, FGF-23 binds to the FGF receptor 1c and the klotho coreceptor to promote phosphaturia and lower circulating levels of 1,25-dihydroxyvitamin D (9) . FGF-23 may also play a role in some metabolic processes, such as insulin resistance (IR), and may also be a marker of diabetes progression or may increase with diabetes-related complications (12) . Moreover, serum FGF-23 was shown to be independently associated with LVH in chronic kidney disease (CKD) (13) . It has been investigated in several diseases; however, to the best of our knowledge, the relationship between FGF-23 and myocardial function has not been studied yet in patients with GDM.
Carotid artery intima-media thickness (CIMT) assessment and carotid artery plaque identification using ultrasound are well-recognized tools for identification and monitoring of atherosclerosis. Elevated serum FGF-23 levels have been found to be associated with vascular diseases such as CIMT, arterial stiffness, and coronary atherosclerosis in patients with advanced CKD (14, 15) .
Therefore, we conducted a cross-sectional study to test the hypothesis that elevated FGF-23 concentrations are independently associated with LVMI, MPI, and CIMT in patients with gestational diabetes and to investigate the correlation between FGF-23 levels and IR in gestational diabetic patients compared to pregnant women with normal glucose tolerance. Sixty-four pregnant patients seen and diagnosed with GDM (the patient group) in endocrinology and metabolism outpatient clinics were included in the study. From the patient group, 10 patients were ruled out due to follow-up failure, and the study continued with 54 patients. Thirty-three consecutive healthy pregnant patients seen in an antenatal obstetrics and gynecology outpatient clinic were chosen as the control group.
SUBJECTS AND METHODS

Exclusion criteria
Patients were excluded if they had moderate to severe valvular heart disease, any rhythm other than the normal sinus rhythm, more than a mild degree of pericardial effusion, abnormal left ventricular systolic function (ejection fraction ≤ 50%), known coronary artery disease, clinical suspicion of coronary artery disease, uncontrolled hypertension, or acute illnesses. The patients who had previous impaired fasting glucose, impaired glucose tolerance or diabetes mellitus, family history of diabetes mellitus, chronic and acute renal failure, or a smoking habit and those who used calcium supplements or a vitamin D treatment were also ruled out from the study.
Study protocol
Fasting plasma glucose (FPG), LDL-cholesterol, HDLcholesterol, triglycerides (TG), alanine aminotransferase (ALT), calcium, phosphate, insulin, 25 hydroxy vitamin D, parathyroid hormone (PTH), and fibroblast growth factor 23 (FGF-23) were measured at the 24th-28th gestational weeks in all subjects. Blood pressure and anthropometric measurements were performed, and body mass index was calculated. Additionally, an oral glucose tolerance test (OGTT) with 75 g glucose was performed at the 24th-28th gestational weeks in all subjects. Serum glucose levels were evaluated according to American Diabetes Association 2013 criteria (16) .
Laboratory parameters
Blood samples for hormones and biochemical parameters were taken after an overnight fast from an antecubital vein between 08:00 a.m. and 09:00 a.m. Glucose was analyzed by the glucose hexokinase method. LDL, HDL, and TG were analyzed by the turbidymetric method (Siemens Dimension, Clinical Chemistry System, Newark, DE, USA), using appropriate commercial kits. Insulin was determined by a two-site chemiluminescent immunometric assay with solid-phase mouse monoclonal anti-insulin antibodies conjugated with calf intestine alkaline phosphatase in buffer solution (Immulite Insulin, Diagnostic Products Corporations, Los Angeles, CA) with 2 IU/ mL sensitivity. The estimate of insulin resistance by the homeostasis model assessment (HOMA) score was calculated with the formula fasting serum insulin (lU/mL) x fasting plasma glucose (mmol/L)/ 22.5, as described by Matthews and coworkers (17) . A HOMA index ≥ 2.5 indicated IR. 
FGF-23 level measurement
Serum FGF-23 levels were determined, and venous blood samples were collected in tubes from the antecubital vein, followed by an overnight fast. The tubes were centrifuged at 2000g (10 min) to remove the serum. Aliquots of serum samples were stored at −80°C until FGF-23 assaying. Serum FGF-23 levels were determined using Human FGF-23 ELISA Kit (cat. number EZHFGF-23-32K) purchased from Millipore (USA) according to the manufacturer's instructions. The Millipore Human FGF-23 ELISA Kit employs the quantitative sandwich enzyme immunoassay technique.
Echocardiographic assessment
The echocardiographic examinations, including M-Mode, two-dimensional, SDE, and tissue Doppler echocardiography (TDI) recordings, were performed with Vivid 7 Pro (GE, Horten, Norway, 2-4 MHz phased array transducer). Measurements were made according to the American Society of Echocardiography guidelines by a single cardiologist unaware of the clinical data and averaged from five cardiac cycles.
For all participants, two-dimensional, M-Mode, and TDI echocardiography examinations were performed by the same physician. LV mass was calculated with the Devereux Formula (18) and indexed to body surface area.
In all TDI images, the systolic velocity duration was measured as ejection time (ET, ms), the time between the end of the systolic velocity and the beginning of early diastolic velocity was measured as isovolumetric relaxation time (IRT, ms), and the time between the end of the late diastolic velocity and the beginning of systolic velocity as isovolumetric contraction time (ICT, ms) MPI, which is calculated from systolic and diastolic time intervals, reflects the global left ventricular function with good reproducibility, and is independent from the left ventricle's geometry and heart rate.
The myocardial performance index was calculated using the formula (ICT + IRT)/ET.
Measurement of carotid intima-media thickness
Measurements of all participants' CIMT were performed by the same endocrinologist with the same ultrasound device (Logic P5 System, General Electric Medical Systems, Milwaukee, WI, USA) using a linear transducer of 12 MHz width. The carotid arteries were scanned in longitudinal projection. Intima media is defined as the distance between the beginning of the tunica intima and the beginning of the tunica adventitia. Intima media thickness measurements on the common carotid artery's far wall were bilaterally performed. For reproducible measurements, a high-quality image acquisition was used along a minimum length of 10 mm of an arterial segment. The mean CIMT was calculated from three consecutive examinations.
Statistical analysis
Statistical analysis was conducted with Statistical Package for Social Sciences 15.0 packet program (SPSS Inc., Chicago, IL). Descriptive statistics were shown as mean±standard deviation. The student t test was used to compare continuous variables between two groups. The difference between the groups regarding the qualitative variables was investigated with a Chisquare test. A p value less than 0.05 was considered statistically significant. Similarly, for bivariate correlation coefficients, parametric data was analyzed using Pearson's rho.
RESULTS
Fifty-four pregnant women (age, 31.12 ± 5.72 years) who had GDM and 33 healthy pregnant women (age, 29.51 ± 4.92 years) were involved in the study. The GDM patients' and controls' demographic and biochemical characteristics are presented in Table 1 . There was no significant difference in age, sex, lipid parameters, body mass index (BMI), or systolic and diastolic blood pressure. FPG, oral glucose tolerance test first hour glucose (OGTTglucose 1) , oral glucose tolerance test second hour glucose (OGTTglucose 2, ), insulin, HOMA-IR, FGF-23 levels, and mean CIMT were significantly higher in the GDM group.
Changes in the patient group's and control group's conventional and Doppler echocardiographic measurements are presented in Table 2 . LV mass and LV mass index were significantly higher in the patient group. No significant difference existed between the groups' left ventricular end-diastolic dimensions (LV EDDs), left ventricular end-systolic dimensions (LV ESDs), interventricular septum thickness (IVS), posterior wall thickness (PW), left atrial dimension, left ventricular ejection fraction (LV EF), mitral E and A velocity, E/A, DT, or LA volume index.
Tissue Doppler echocardiographic parameters of the gestational diabetes and control groups are Table 4) .
DISCUSSION
Several previous studies demonstrated that FGF-23 is independently associated with several cardiovascular risk factors, such as endothelial dysfunction, increased arterial stiffness, LVH, left ventricular dilatation impaired vasoreactivity, cardiovascular mortality, and atherosclerosis in hemodialysis patients and healthy subjects (14, 15) . CIMT assessment and common carotid artery plaque identification by ultrasound are well-recognized tools for identification and monitoring of atherosclerosis. Elevated serum FGF-23 levels have been found to be associated with vascular diseases such as CIMT, arterial stiffness, and coronary atherosclerosis in patients with advanced CKD (16, 17) . Although Balci and cols. (19) reported a positive correlation between CIMT and FGF-23 in hemodialysis patients, Gungor and cols. (20) did not find any correlation. Several studies have indicated that a pregnancy complicated by GDM has a significant impact on endothelial function during pregnancy (21, 22) . However, the impact of FGF-23 on the early stages of atherosclerosis in patients with gestational diabetes is not defined. In this study, mean CIMT was significantly higher in patients with GDM, and a positive correlation between FGF-23 and CIMT was found. Association of FGF-23 with CIMT may be another possible mechanism underlying the development and progression of atherosclerosis in patients with GDM. The myocardial performance index reflects LV systolic and diastolic function. MPI is also abnormal in individuals without overt cardiac disease who have risk factors such as diabetes mellitus and treated and untreated hypertension (17, 23, 24) . In a recent study, MPI was measured by the conventional method and with tissue Doppler echocardiography. It was significantly higher in the diabetic group than in the control group (25) . In patients with CKD, FGF-23 supraphysiologic levels were strongly associated with LVMI, left ventricular hypertrophy (LVH), cardiovascular events, and mortality (14, 26) . High prevalence of preclinical diastolic dysfunction is a well-established fact among diabetic patients. The evidence indicates that myocardial damage in diabetic subjects affects diastolic function before the systolic function (27) . Using tissue Doppler and strain/strain rate echocardiography, a recent study showed that LV longitudinal systolic and diastolic functions were impaired in diabetic patients (28) . However, limited studies have been conducted on GDM's effect on diastolic functions (29 cols. (29) found that although LV systolic function and LVMI were similar between the two groups (GDM and control groups), the diastolic function parameters were impaired in the GDM group. In our study, although LVMI was significantly higher in the GDM group than in the control group, no significant difference existed in diastolic function parameters (mitral E/A ratio) between groups. Sm determined by TDI is another measure of LV systolic functions independent from the LV's shape (31) . In our study, Sm had fewer patients with GDM, indicating the presence of possible subclinical systolic dysfunction. MPI was significantly higher in patients with GDM than in the control group. Additionally, FGF-23 showed a significant positive correlation with MPI. Therefore, we think MPI, which reflects diastolic and systolic functions, is a more important marker than mitral inflow velocity (E/A) in the evaluation of cardiac functions.
The data concerning the relationship between FGF-23 levels and IR are contradictory. Wahl In conclusion, the present prospective study is the first in the literature that evaluated the relationship between FGF-23 and MPI in patients with gestational diabetes in the absence of CVD. Plasma FGF-23 levels were shown to be associated with increased LVMI, MPI, and CIMT in patients with GDM. The significant and positive association of FGF-23 plasma level with LVMI and MPI raises the possibility of a specific pathophysiologic effect of FGF-23 on left ventricular mass and function distinct from its effects on serum calcium, phosphorus, and intact parathormone. Additionally, this study showed that FGF-23 may play a role in the development of GDM with IR. Therefore, we believe that FGF-23 plays a role in the pathogenesis and development of preclinical atherosclerosis and cardiac dysfunction in patients with GDM.
